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(54) SEMICONDUCTOR LASER DEVICE AND MANUFACTURING METHOD 

(57)Abstract: 

PURPOSE: To provide a semiconductor laser device, along with 
its manufacturing method, in which a shorter oscillating 
wavelength is realized at low threshold operation without 
deteriorating laser characteristics. 

CONSTITUTION: A semiconductor laser device comprises a 
buffer layer 2, a photo waveguide layer 3, an activated 
luminescent layer 4, a photo waveguide layer 5, a buffer layer 6, 
a current constriction and photo absorbent layer 7, and a 
contact layer 8, each formed on an nHype GaAs substrate 1. In 
the semiconductor laser device, an impurity is contained in at 
least one layer out of a quantum well layer and a quantum 
barrier layer that constitute the activated luminescent layer 4. 
Moreover, at least the activated luminescent layer is grown in an 
organic metal vapor phase growth method or a molecular beam 
epitaxial growth method. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]g(aluminumyGa^_y) In^_gP (however, y.) characterized by comprising the following a — 
respectively — a value of the range of 0< y<=1 and 0.3<=a<=0.8 — it is — a semiconductor laser 
element which has the double hetero-junction which sandwiched a small luminescence active layer of 
forbidden-band width from it on a semiconductor substrate by a lightguide with becoming big forbidden- 
band width. 

A quantum well layer which the above-mentioned luminescence active layer turns into from ^ 
(aluminumj^^Ga^_j^^) In^.^? (however, is a value of the range of 0 <=x^<y, and a is a value of the 
above-mentioned range). 

(aluminumj^2^^l-x2^ a'^l-a*^ (however, X2 is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a becoming quantum barrier layer has at least the multiple quantum 
well structure established repeatedly — and this quantum barrier layer — an impurity. 

[Claim 2]g(aluminumyGa^_y) In^-aP (however, y.) characterized by comprising the following a — 
respectively — a value of the range of 0< y<=1 and 0.3<=a<=0.8 — it is — a semiconductor laser 
element which has the double hetero-junction which sandwiched a small luminescence active layer of 
forbidden-band width from it on a semiconductor substrate by a lightguide with becoming big forbidden- 
band width. 

A quantum well layer which the above-mentioned luminescence active layer turns into from ^ 
(aluminumjj^Ga^_j^P '"l-a*^ (however, x^ is a value of the range of 0 <=x^<y, and a is a value of the 
above-mentioned range). 

(aluminum^2Q3l-x2^ a'"l-a'^ (however, X2 is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a becoming quantum barrier layer has at least the multiple quantum 
well structure established repeatedly — and this quantum well layer — an impurity. 

[Claim 3]g(aluminumyGa^_y) In^_gP (however, y.) characterized by comprising the following a — 
respectively — a value of the range of 0< y<=1 and 0.3<=a<=0.8 — it is — a semiconductor laser 
element which has the double hetero-junction which sandwiched a small luminescence active layer of 
forbidden-band width from it on a semiconductor substrate by a lightguide with becoming big forbidden- 
band width. 

A quantum well layer which the above-mentioned luminescence active layer turns into from ^ 
(aluminum^^^Ga^.j^P '"l-a'^ (however, x^ is a value of the range of 0 <=x^<y, and a is a value of the 
above-mentioned range). 

(aluminum^2Q3l-x2^ a'"l-a'^ (however, X2 is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a becoming quantum barrier layer has at least the multiple quantum 
well structure established repeatedly — and this quantum well layer and this quantum barrier layer — an 
impurity. 



http:/ /www4.ipdl.inpitgo.jp/ cgi-bin/tran_web_cgi_eije?atw_u=http://www4.ipdl.inpit.go.jp/To... 2008/05/01 



[Claim 4][n the semiconductor laser element according to claim 1, 2, or 3, the above-mentioned 
luminescence active layer, It is Jf^^-J^ (however, ^2 is a value of the range of x^<X2<y and) further 
(aluminum^2G3l-x2^ *° sides of the above-mentioned multiple quantum well structure, is a value 
of the above-mentioned range here — a — a value of the above-mentioned range — it is — a 
semiconductor laser element having a becoming optical confinement layer. 

[Claim 5]In the semiconductor laser element according to any one of claims 1 to 4, X 2 in presentation 
(aluminumjj2G3l-x2^ a'"l-a'^ of the above-mentioned quantum barrier layer, A semiconductor laser 
element considering it as a value of the range of 0.4 <=X 2<=0.7. 

[Claim 6]A semiconductor laser element characterized by band end energy of the above-mentioned 
quantum barrier layer being larger than that of the above-mentioned quantum well layer 0.2 eV or more 
in the semiconductor laser element according to any one of claims 1 to 5. 

[Claim 7]A semiconductor laser element characterized by a range of thickness of the above-mentioned 
quantum barrier layer being 4-8 nm in the semiconductor laser element according to any one of claims 1 
to 6. 

[Claim 8]g(aluminumyGa^_y) In^-gP (however, y.) characterized by comprising the following a — 
respectively — a value of the range of 0< y<=1 and 0.3<=a<=0.8 — it is — a semiconductor laser 
element which has the double hetero-junction which sandwiched a small luminescence active layer of 
forbidden-band width from it on a semiconductor substrate by a lightguide with becoming big forbidden- 
band width. 

The upper part of a lightguide of the above-mentioned luminescence active layer upper part has heights 
of stripe shape in an emission direction of a laser beam, and both sides of these heights have a current 
stricture Kanemitsu absorption layer, and the above-mentioned luminescence active layer, 
(aluminumj^^Ga^_jjP A quantum well layer which consists of aIn^_gP (however, is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminum^gGai-xa^ a'"l-a^ (however, is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a becoming quantum barrier layer has at least the multiple quantum 
well structure established repeatedly — and this quantum barrier layer — an impurity. 

[Claim 9]g(aluminumyGa^_y) In^_gP (however, y.) characterized by comprising the following a — 
respectively — a value of the range of 0< y<=l and 0.3<=a<=0.8 — it is — a semiconductor laser 
element which has the double hetero-junction which sandwiched a small luminescence active layer of 
forbidden-band width from it on a semiconductor substrate by a lightguide with becoming big forbidden- 
band width. 

The upper part of a lightguide of the above-mentioned luminescence active layer upper part has heights 
of stripe shape in an emission direction of a laser beam, and both sides of these heights have a current 
stricture Kanemitsu absorption layer, and the above-mentioned luminescence active layer, 
(aluminum^^Ga^_j^^) A quantum well layer which consists of (however, x^ is a value of the range 

of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminumj^gG^l-xa^ a'^l-a*^ (however, X2 is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a becoming quantum barrier layer has at least the multiple quantum 
well structure established repeatedly — and this quantum well layer — an impurity. 

[Claim 10]g(aluminumyGa^_y) In^_gP (however, y.) characterized by comprising the following a — 
respectively — a value of the range of 0< y<=1 and 0.3<=a<=0.8 — it is — a semiconductor laser 
element which has the double hetero-junction which sandwiched a small luminescence active layer of 
forbidden-band width from it on a semiconductor substrate by a lightguide with becoming big forbidden- 
band width. 

The upper part of a lightguide of the above-mentioned luminescence active layer upper part has heights 
of stripe shape in an emission direction of a laser beam, and both sides of these heights have a current 
stricture Kanemitsu absorption layer, and the above-mentioned luminescence active layer. 
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(aluminum^^Ga^_^^) A quantum well layer which consists of a'"i-a^ (however, is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminumj^2Gai_x2) a'^l-a*^ (however, X2 is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a becoming quantum barrier layer has at least the multiple quantum 
well structure established repeatedly — and this quantum well layer and this quantum barrier layer — an 

impurity. 

[Claim 11]In the semiconductor laser element according to claim 8, 9, or 10, the above-mentioned 
luminescence active layer, It is ^^^-^P (however, X2 is a value of the range of x^<X2<y and) further 
(aluminum^2G3l-x2^ ^° sides of the above-mentioned multiple quantum well structure, is a value 
of the above-mentioned range here — a — a value of the above-mentioned range — it is — a 
semiconductor laser element having a becoming optical confinement layer. 

[Claim 12]In the semiconductor laser element according to any one of claims 8 to 11, A semiconductor 
laser element, wherein X 2 in presentation (aluminum^^gQ^i-xZ^ a'^l-a*^ of the above-mentioned quantum 
barrier layer considers it as a value of the range of 0.4 <=X 2<=0.7. 

[Claim 13]A semiconductor laser element characterized by band end energy of the above-mentioned 
quantum barrier layer being larger than that of the above-mentioned quantum well layer 0.2 eV or more 
in the semiconductor laser element according to any one of claims 8 to 12. 

[Claim 1 4]A semiconductor laser element characterized by a range of thickness of the above-mentioned 
quantum barrier layer being 4-8 nm in the semiconductor laser element according to any one of claims 8 
to 13. 

[Claim 15]A process of forming a lightguide which consists of g(aluminumyGa^_y) In^-aP (however, y and 
a are the values of the range of 0< y<=1 and 0.3<=a<=0.8, respectively) on a semiconductor substrate. 
(aluminumjj^Ga^_j^P A quantum well layer which consists of gIn^_gP (however, is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminumj^2Q3l-x2^ a'^l-a"^ (however, X2 is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a process of forming multiple quantum well structure which repeats 
and provides a becoming quantum barrier layer and constitutes a luminescence active layer. 
(aluminumyGa^_y) ^^^-^ (however, y and a are the values of the above-mentioned range, respectively). 
It is a manufacturing method of a semiconductor laser element provided with the above, and the above- 
mentioned quantum well layer and the above-mentioned quantum barrier layer are formed by metal- 
organic chemical vapor deposition, and an impurity is doped to the above-mentioned quantum barrier 
layer. 

[Claim 16]A process of forming a lightguide which consists of g(aluminumyGa^_y) In^_gP (however, y and 
a are the values of the range of 0< y<=1 and 0.3<=a<=0.8, respectively) on a semiconductor substrate. 
(aluminumj^^Ga^_j^^) A quantum well layer which consists of ^^-[-J* (however, x^ is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(,a\um\mn\^2^a^_^^ a'^l-a'' (however, Xg is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a process of forming multiple quantum well structure which repeats 
and provides a becoming quantum barrier layer and constitutes a luminescence active layer. 
(aluminumyGa^_y) gln^.^P (however, y and a are the values of the above-mentioned range, respectively). 
It is a manufacturing method of a semiconductor laser element provided with the above, and the above- 
mentioned quantum well layer and the above-mentioned quantum barrier layer are formed by metal- 
organic chemical vapor deposition, and an impurity is doped to the above-mentioned quantum well layer. 

[Claim 17]A process of forming a lightguide which consists of g(aluminumyGa^_y) In^_gP (however, y and 
a are the values of the range of 0< y<=1 and 0.3<=a<=0.8, respectively) on a semiconductor substrate. 
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(aiuminum^^Ga^_^^) A quantum well layer which consists of glf^^-JP (however, is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminum^2G3l-x2^ a'"l-a'^ (however, X2 is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a process of forming multiple quantum well structure which repeats 
and provides a becoming quantum barrier layer and constitutes a luminescence active layer. 
(aluminumyGa^_y) gin^_JP (however, y and a are the values of the above-mentioned range, respectively). 
It is a manufacturing method of a semiconductor laser element provided with the above, and the above- 
mentioned quantum well layer and the above-mentioned quantum barrier layer are formed by metal- 
organic chemical vapor deposition, and an impurity is doped to the above-mentioned quantum well layer 
and the above-mentioned quantum barrier layer. 

[Claim 1 8]A manufacturing method of a semiconductor laser element performing the above-mentioned 
metal-organic chemical vapor deposition in the range with a growing temperature of 650-750 ** in a 
manufacturing method of the semiconductor laser element according to claim 15, 16, or 17. 
[Claim 19]A process of forming a lightguide which consists of g(aluminumyGa^_y) In^_gP (however, y and 
a are the values of the range of 0< y<=1 and 0.3<=a<=0.8, respectively) on a semiconductor substrate. 
(aluminumj^^Ga^_j^^) A quantum well layer which consists of aIn^_gP (however, is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminum^^gG^I-xa^ a^^l-a*^ (however, Xg is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a process of forming multiple quantum well structure which repeats 
and provides a becoming quantum barrier layer and constitutes a luminescence active layer. 
(aluminumyGa^_y) glni-gP (however, y and a are the values of the above-mentioned range, respectively). 
It is a manufacturing method of a semiconductor laser element provided with the above, and the above- 
mentioned quantum well layer and the above-mentioned quantum barrier layer are formed with molecular 
beam epitaxy method, and an impurity is doped to the above-mentioned quantum barrier layer. 

[Claim 20]A process of forming a lightguide which consists of g(aluminumyGa^_y) In^.^P (however, y and 
a are the values of the range of 0< y<=1 and 0.3<=a<=0.8, respectively) on a semiconductor substrate. 
(aluminum^^^Ga^.j^^) A quantum well layer which consists of gIn^_gP (however, x^ is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminumj^2Q3l-x2^ a^'^l-a'^ (however, Xg is a value of the range of x^<X2<y and) a — a value of the 
above-mentioned range — it is — a process of forming multiple quantum well structure which repeats 
and provides a becoming quantum barrier layer and constitutes a luminescence active layer. 
(aluminumyGa^_y) aIn^_gP (however, y and a are the values of the above-mentioned range, respectively). 
It is a manufacturing method of a semiconductor laser element provided with the above, and the above- 
mentioned quantum well layer and the above-mentioned quantum barrier layer are formed with molecular 
beam epitaxy method, and an impurity is doped to the above-mentioned quantum well layer. 

[Claim 21]A process of forming a lightguide which consists of g(aluminumyGa^_y) In^_gP (however, y and 
a are the values of the range of 0< y<=1 and 0.3<=a<=0.8, respectively) on a semiconductor substrate. 
(aluminum^^Ga^_^^) A quantum well layer which consists of gl^i-J* (however, x^ is a value of the range 
of 0 <=x^<y, and a is a value of the above-mentioned range). 

(aluminum^2G3l-x2^ ^ process of forming multiple quantum well structure which repeats and provides a 
quantum barrier layer which consists of g'^i-a'^ (however, X2 is a value of the range of x^<X2<y and a is a 
value of the above-mentioned range), and constitutes a luminescence active layer. 
(aluminumyGa^_y) aln^-aP (however, y and a are the values of the above-mentioned range, respectively). 
It is a manufacturing method of a semiconductor laser element provided with the above, and the above- 
mentioned quantum well layer and the above-mentioned quantum barrier layer are formed with molecular 
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beam epitaxy method, and an impurity is doped to the above-mentioned quantum well layer and the 
above-mentioned quantum barrier layer. 

[Claim 22]A manufacturing method of a semiconductor laser element performing the above-mentioned 
molecular beam epitaxy method in the range with a growing temperature of 500-600 ** in a 
manufacturing method of the semiconductor laser element according to claim 19, 20, or 21. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a short wavelength visible semiconductor laser element 
suitable for a light information terminal, the light source for optical application measurement, etc., and a 
manufacturing method for the same. 
[0002] 

[Description of the Prior Art]The conventional semiconductor laser element had a double hetero 
structure using the bulk AIGalnP by which the impurity was doped as stated, for example to JP,63- 
124592,A as a luminescence active layer, and about 20-nm short wavelength formation of the laser 
oscillation wavelength was carried out by doping of this impurity. 

[0003]On the other hand, it is applied. Physics To a letter, and the 50th volume 1033 pages (1987) 
(Appl.Phys.Lett., Vol20., pp1033 (1987)), the semiconductor laser element which makes a luminescence 
active layer quantum well structure is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention]In order to bring about increase of a defect, and decline in 
luminous efficiency in order that the above-mentioned conventional technology may dope a high- 
concentration impurity to an active region, and to increase the optical loss by a free carrier, there was a 
problem of having raised the threshold current of an element or reducing reliability. It was not clear 
about the impurity concentration level which does not spoil a laser characteristic. Impurity doping when 
the luminescence active layer was made into quantum well structure was not described, and it was not 
clarified about the design about the quantum well structure for obtaining a short-wavelength-laser 
oscillation. 

[0005]The purpose of this invention is to provide the semiconductor laser element which carried out 
laser oscillation with short wavelength, and operated by low threshold current, and introduced quantum 
well structure into the luminescence active layer. 

[0006]Other purposes of this invention are to provide the manufacturing method of such a 

semiconductor laser element. 

[0007] 
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MEANS 
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OPERATION 



[Function]4 yuan mix crystal (aluminumyGa^_y) gln^-aP which grew the operation of this invention 
epitaxially on the GaAs substrate is explained as an example. The value of a for carrying out lattice 
matching of this mix crystal to a substrate is 0.51. Now, the order arraying structure of group III 
elements has arisen, and a (/^|Qa)o 5^ '"q 491^ i^'x crystal has small bandgap energy. In this invention, 
bandgap energy of an active layer is enlarged by controlling the order arraying structure of the group III 
elements in a (AiGa)0 51^"049'' '"''^ crystal by impurity doping. 

[0015]for example, Japanese Journal of Applied Physics and the 28th — as shown in volume (1989) 
L2092 page-L2094 page (Jpn J.Appl.Phys.. 28(1989)L2092-L2094), [ however, ] It is known that 
luminescence intensity may decrease by impurity doping. This is considered to be because for a defect 
to be increased in an AIGalnP mix crystal by impurity doping and for luminous efficiency to fall. For this 
reason, threshold current may be increased although short wavelength formation of the laser oscillation 
wavelength can be carried out by doping an impurity to a luminescence active layer. 
[001 6]especially a desirable structure of this invention — multiple quantum well structure **** — it is 
the structure which became irregular only to the quantum barrier layer without doping an impurity to the 
quantum well layer from which a profit is acquired, and doped the impurity. It can expect to be able to 
increase the barrier energy of a quantum barrier layer and to carry out laser oscillation with short 
wavelength more, without reducing by this the luminous efficiency of the quantum well layer which is an 
active region. 

[0017]For example, photoluminescence peak wavelength and the relation of GalnP quantum well layer 
thickness are shown in drawing 2 . and are explained. As opposed to peak wavelength being 665 nm (** 
seal of a figure) in the conventional undoped GalnP bulk active layer grown up by metal-organic chemical 
vapor deposition. In undoped multiple quantum well structure (undoping (aluminumg gGa^ g) 0 5^[nQ4gP 
quantum barrier layer of the undoped GalnP quantum well layer of 3 nm of thickness, and 4 nm of 
thickness), it is 626 nm (O seal of a figure), When a p type impurity was doped to a quantum barrier layer 
by the multiplex quantum well active layer of the same thickness, it was 620 nm (- seal of a figure). 
These values the peak wavelength in the case of being a case where a (aiuminuiriQ 56305)0 51 '"049'^ 

quantum barrier layer is order arraying structure, and disorderly arraying structure, It was well in 
agreement with the case of 3 nm of thickness of the calculated value (a dotted line and a solid line show 
to a figure, respectively) computed using bandgap energy 570nm and 551 nm, respectively. 
[0018]When an impurity is doped to a (aiuminumQgGaQg)05l'"049^ quantum barrier layer here, barrier 

energy, It was equivalent to the bandgap energy of the (aiuminumQggGaQ35)0 5l'"049^ '^y®'' °^ ^' 

composition 0.65 in the case of being undoped. This shows that a short-wavelength-laser oscillation is 
possible by the impurity abnormal-conditions dope to a quantum barrier layer. In this invention, when the 
abnormal-conditions dope of the impurity was carried out at a quantum barrier layer, the laser oscillation 
wavelength of 630-635 nm was obtained, and the oscillation wavelength shorter 5-6 nm than the 
undoped time has been realized. Since a profit would be acquired by the career of the quantum barrier 
layer which carried out the impurity dope further, without bringing about increase of a defect, and decline 
in luminous efficiency when not having doped the impurity to a quantum well layer, increase of 
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differential gain and low threshold operation have been attained. 



[Translation done.] 
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EXAMPLE 

[Example]The sectional view of the semiconductor laser element of one example of example 1 this 
invention is shown in drawing 1 . and the manufacturing method is explained. By the metal-organic 
chemical vapor deposition explained in full detail behind, it is n type GaAs buffer layer 2 (0.5 micrometer 
in thickness.) on the n type GaAs substrate 1. Concentration-of-electrons njj=1x10 ^®cm~^. The n type 
(aluminumjj yOag 3) o5i'"o49^ lightguide 3 (1 .5-micrometer [ in thickness ] and concentration-of- 
electrons np=1x10 ^^cm~^) and the luminescence active layer 4 are grown epitaxially. The luminescence 
active layer 4 is a structure shown below. Namely, this layer, (aluminum Ga ) 0 51 '"049'^ °^ ^ ""^ °^ 
thickness which doped ten layers of undoped Gao5l'"049'^ quantum well layers of 3 nm of thickness, and 
p type impurity Zn (hole concentration n^=6 - 9x10 ^^cm~'^). It is the multiple quantum well structure by 
which nine layers of quantum barrier layers were provided by turns, and the (aiurnjnum gGa 5)0 5l'"o49'^ 

optical confinement layer of 15 nm of thickness was provided in the both sides. 

[0020]Next, the p type (aluminumpyCaQg) 051 '"049'^ lightguide 5 (1.2 micrometers in thickness.) The 

hole concentration 0^=5 - 7x10 ^^cm"^ and p type Gao5l'"049'^ buffer layer 6 (0.05-micrometer [ in 

thickness ] and hole concentration ny^=2x10 ^^cm"^) is grown epitaxially similarly. 

[0021]Next, a SiOg mask (thickness of 0.2 micrometer, stripe width of 5 micrometers) is formed by photo 
lithography, etching removal of the buffer layer 6 and the lightguide 5 is carried out till the place which 
leaves 0.2 micrometer of lightguides 5 by chemical etching, and a ridge stripe is formed. 
[0022]Next, selective growth of the n type GaAs current stricture Kanemitsu absorption layer 7 (1 .0- 
micrometer [ in thickness ] and concentration-of-electrons np=2x10 ^®cm~^) is carried out, with a SiOg 
mask left. After embedding p type GaAs contact layer 8 (the concentration of electrons of 1 -micrometer 
[ in thickness ] and concentration-of-electrons n^=5x10 ^® - 1x10 ^^cm~^, and the upper part is high) 
and growing up it, the p electrode 9 and the n electrode 10 are vapor^deposited. A cleavage scribe is 
carried out, it starts in the form of an element, and a laser device is obtained. 

[0023]Metal-organic chemical vapor deposition was performed by the growing temperature of 700 **, 
and pressure 70Torr as trimethylgallium and a raw material of In as trimethylaluminum and a raw material 
of Ga as a raw material of aluminum, using phosphine as trimethylindium and a raw material of P. 
Dimethyl zinc was used for the quantum barrier layer as a raw material which carries out the abnormal- 
conditions dope of the Zn which is a p type impurity. 

[0024]The band end energy of the quantum barrier layer in the above-mentioned multiple quantum well 
structure is higher than that of a quantum well layer 0.42 eV. In the room temperature, threshold current 
operated at 40-50 mA, and the laser device of this example was 630-635 nm in the laser oscillation 
wavelength. In the element which does not dope an impurity to a quantum barrier layer, since the 
threshold current in a room temperature was 60-70 mA and the laser oscillation wavelength was 636- 
640 nm, this invention has realized low threshold current operation and short wavelength formation of 
the oscillation wavelength. 
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[0025]The portion of the multiple quantum well structure which constitutes the example [ of two shots ] 
photoactive layer 4 was replaced with as follows, and also the laser device was manufactured like 
Example 1 . that is, Multiple quantum well structure. P type impurity Zn. A dope. (Hole concentration n^-Q 

~ 9x10 ^^cm~^) Ten layers of Gao5l'"o49'^ quantum well layers of 3 nm of thickness and nine layers of 
undoping (aluminumQgGaQ^) o5i'"o49'^ quantum barrier layers of 4 nm of thickness which were carried 
out It was considered as the structure where it was provided In and the (aiun^jnu^^ ^Qg^ ^ 

0 5l'"0 49^ optical confinement layer of 15 nm of thickness was provided in the both sides. 
[0026]The band end energy of the quantum barrier layer in this multiple quantum well structure is higher 
than that of a quantum well layer 0.33 eV. In the room temperature, threshold current operated at 60-70 
mA, and the laser device of this example was 630-635 nm in the laser oscillation wavelength. From the 
element which does not dope an impurity, the laser oscillation wavelength was able to carry out about 5- 
1 0-nm short wavelength formation. 

[0027]The portion of the multiple quantum well structure which constitutes the example [ of three 
shots ] photoactive layer 4 was replaced with as follows, and also the laser device was manufactured like 
Example 1. Namely, multiple quantum well structure is provided in ten layers of Gag 51 '"049'^ quantum 
well layers of 3 nm of thickness, and nine layers of (aluminum Ga )0 5l'"0 49'^ quantum barrier layers of 4 
nm of thickness by turns, P type impurity Zn was doped in all the layers of the structure where the 
(aluminumQ gGaQ g)0.51 '"^ 
sides (hole concentn 

[0028]The band end energy of the quantum barrier layer in this multiple quantum well structure is higher 
than that of a quantum well layer 0.36 eV. In the room temperature, threshold current operated at 60-80 
mA, and the laser device of this example was 625-630 nm in the laser oscillation wavelength. From the 
element which does not dope an impurity, the laser oscillation wavelength was able to carry out about 
10-15-nm short wavelength formation. 

[0029]In the above example, each class grown up by metal-organic chemical vapor deposition was grown 
up with molecular beam epitaxy method, respectively, and the laser device was manufactured similarly. In 
this case, it carried out by the growing temperature of 550 **, and 10~^Torr, using the phosphine as 
aluminum, Ga, In, and a raw material of P as a raw material. Each of each manufactured laser devices 
showed the same effect as each laser device manufactured by metal-organic chemical vapor deposition. 
[0030]Whether replace with this and it uses Mg and Be, although Zn was used for the above example as 
an impurity doped to a luminescence active layer, or it used Si of a n type impurity, and Se, the almost 
same result was obtained. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention]or [ carrying out the abnormal-conditions dope of the impurity at a quantum 
barrier layer or a quantum well layer according to this invention ] — or the thing which multiple quantum 
well structure boils all and is doped — the laser device oscillated more with short wavelength has been 
realized. 

[0032]Since barrier energy of the quantum barrier layer was enlarged by carrying out the abnormal- 
conditions dope especially of the impurity at a quantum barrier layer, quantum level energy increased and 
the laser device oscillated more with short wavelength has been realized. Since the profit was acquired 
by the career in the quantum barrier layer which carried out the impurity dope, without causing increase 
of a defect, and decline in luminous efficiency when not doping an impurity to a quantum well layer, the 
laser device which operates by low threshold current was obtained. 

[0033] Remarkable degradation was not seen even if the laser device of this invention passed for about 
2000 hours in the life test of the temperature of 50 **, and 3-mW constant optical power operation. 



[Translation done.] 
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* NOTICES * I 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr awing 1] It is a section structure figure of the semiconductor laser element of one example of this 
invention. 

[Drawing 2] It is a figure showing photoluminescence peak wavelength and the relation of quantum well 
layer thickness. 
[Description of Notations] 
1 N type GaAs substrate 
2, 6 buffer layers 

3 Lightguide 

4 Luminescence active layer 

5 Lightguide 

7 Current stricture Kanemitsu absorption layer 

8 Contact layer 

9 p electrode 

10 n electrode 



[Translation done.] 
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128 1 3m^tnt>-Kmm(Dmw^—fmK 

*JV^T. ±E^i^»^l(D|^Jfl4. 4~8nm©|fiffl-e 

[0 0 0 8] ±timm\x (15) ^mwm^±L 

(C. (AlrGai-r ).Ini. P {tctcLy. a (4^tl 
-ftbO<y^l^ 0. 3^a^0. 8(Dm^<DmXh 
5) J;!9/j:5)fe^JSl^?F^^t5lSi:> (AUiGa 

) a I ni. P (fcf£Lxif40^Xi <y(D$5H(Dfg 
T?fc>9. af4±tE©$5ffl<7)fit-t?fc5) J:'9/.e5*^#F 
mt^ (A1.2Gai^ ),Ini, P (fcf£tx2t4xi 

< X2 < y (Dmm<Dmxh 9 . a \t±m<Dmm(Dmxh 

5) J:!9/i5*i^^Ml^^^«9SL^{t> ^^tffittl 

m0.t^m*^^mm^mtix^t. (ai 

yGai-, ) a I ni^ P (fcf£Ly. a t4^timJ:fE(D 

X. ^mAmpmwmmmmx mmn. 



9 

(1 6) ^^#:SS±i-. (AKGaw ) a I n 
1. P (fcfcLy. a(i^timO<y^ls 0. 3^ 

a^o. 8©|5ffl©ffi-efc5) 

tSIfSts (Al,iGai-.i ) . I P (fe/£Lx 
1 f±0 ^ xi < y (Dffiia®fflT?& !9 ^ a ti±tS(D|EH<D{il 
-efeS) j;?)/^5*^*Fl<b> (Al^ Gai-.2 ) , 
I ni. P (/cf£tx2t±x><X2<y(DtBH©ffl-Cfc 

jtSrJFMtaXgi. (AUGai^ ) a I ni-a P (fc 

(Al,Gai-y ) . I ni. P itztzLy. a f±^tl 
€tlO<y^K 0. 3^a^0. 8 (D|6H©1it'efe 
5) J:'9?'^53t^lSlSr?f^^t5lSis (AKiGa 20 
1^1 ) a I ni^ P (fcfcLxit40^xi<y©|Sffl(Dfit 

li:, (AU Gai.2 ) . I m, P (fcfc L x 2 (4 x i 
<X2<y©i5H(7)|It?fct9. a [±±fE©|BH©||-efc 

Sr1i^t5#fii:^#F«jt*ff^^t5Xmt. (A 1 
,Gai-, ) a I ni-a P (fcfcty. a tt^ti€tl±t2(^ 

W—i?*^0»!3tm (1 8) ±fSl 5. 1 6X(41 

m^mn^^mit. i^^me 50-75 o-Cfoisffl 

(19) i)^^f^S«±i^. (A 1 , G a.. ) a I m-a P 
(/cffty. a{4^^X^tlO<y^l. 0. S^aS 

0. 8©i5ffl(Z)ffi-efc5) i:^^?>mmm^t^ 

Xmt. (AKtGawi ) a I ni. P(fcfctxitt 40 
0 ^ X 1 < y ©^fflOfi-efe 19 ^ a t4±tS(D|5ia(Dig-e 
fcS) ifJ/ceSAT-^Fli^ (A 1.2 Gai-.2 ) a I 
P (/cf£Lx2f±xi<X2<y(Di5H(Z)jjSl?fef9. 

fm-fhTMt. (AlvGai-, ) a Ini-a P (fcfct 
y. a^4^^^€tl±tB<D|5H©j^-Cfc5) J;'9^^53t5» 
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MWv-mi-(Dm&ijm. {2 0) mmuHc^ 

(Al,Gai. ) a I P mtLy. a f4^:ti€^i 
0<y^K 0. 3^a^0. 8 (D®H(D|S-efc5) J: 
f9 /feSTt^iSl^JFMtSXSts (A 1 G ai-.i ) 
a 1 n P L X 1 0 ^ X 1 < y ®|5ffl(D{Bt-& 

i:. (A1.2Gai-.2 ).Ini. P (fcfcLx^ I4xi < 
X2<y©|5iarofflT'fc<9. a tt±|E©^ia(^IST'fc 

^«^t5^fi*i^#F1f3t*ffMt2.XfIi. (Al 
,Gai-, ) aim. P (fcfcLy. a f4^tl€tl±E(^ 
|5H©iit-Cfe5) j:!5;5;5)t^iSl=lrff^^t5X^t^ 

m (2 1) ^^|*c£^±lc, (AUGai-, ) . I 
n.. P ac^cLy. a tt^lx^tl 0 < y ^ 1 . 0. 3 

^t5X@i. (Al,. Gai-ai ) a I m-a P (fcfct 
xif40^xi<y(D|5|l(7)1it-efe!9. a {4±|E(D|5HC0 
^Xh^) i.'Otii^^^WPmts (AK^Gai^) 
.Ini, P (fcf£Lx2l4xi<X2<y©fB|l(DM-efc 
<9. a(4±l2(D^H©ffi-efe5) J;»)^j:5*^^Mlt 

ji^J^^tSX^t. (AlrGaw ) a Ini. P (fc 
yety. af±^ti€ti±f2©|5HWlit-efe5) iQjfe-S 
3fe^iSl^ff^^t5X@ir ^/>;^j:< i t.WtS^^f^W' 

o±f2fti^?^Fl^t/±f2*i^»lll}-^iei^^ Y-^ 
(22) ±E19, 2QX\i2\m.(Om^V-^m 

5 0 0-6 0 0 "mmmX"^ oZh ^ w 1 1 
[00091 f *^-(7)#l©tfr4<75 

ElK (AUGai-, ) aim, P (C^JttS a ©jilfi. 
0. 3;5^e)0. 8(7)J5|S(Ojg-effli/^?)::i;55-tt5^5^ 

-CGaAsS«^fflV^5i:tf4, aSrO. Slir-f^i 
tmi--^h<. SfcStet L-CGaAs P^«5rfflV^5 
tttt. a^O. 7it5^t;iWtLV\ 

1 0 0 1 0 ] m%m'm\^ Y~z^t^^ymnt tx 

i4. pS^^^tiatiZn. MgXttB e;4Wtt<. 

^#/<©iiSf4s Z n(7):^-^}±5 X 1 o" ~2 X 1 o'° c 
W^H. M g (D^nML± 5 X 1 0 c m^' ©15 
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ffl. B e(D^'^t4*;^l X 1 o" cm^'(D|5H^ Si© 
^-^fiSXlo" ~2X10" cm^'ro^H. Se©^ 

[0 0 11] *^Bj©^^i^^-ifw©m m^m 
mm IX mm%mmi>';^m^ ^ 

h\\ tmmmmmn.. a i (omt l-c^^it 

7?ve^)VT)V^^^Mt-^ms Gam-MthX^m^ 10 
IS 3 ^ Mt^ms I n (Dm t LXm4 y^y^ Mt^ 
Aft-g-f, ?(Dm(thX-^^7.y^y^^\\^Wim 

6 5 0°C~7 5 Ot:. ^ffXtiS OTo r r~l 0 OT 

0 r r©ME-t^=ff 5::t^WtLl\ ]£Mm]±(Dt^ 
t4 70Torr~80Tor x X'il 0 tt^ ii^ m^^h 

[ 0 0 1 2 ] tfc. %%^mK Y-^t^v^-^nm 

iLTZn^lVNSit {i^^SfpMb^!^. ffi^^ 20 

7.y^y, ±vy{YM'kUV(\:MyL'ho 
[0013] ^^i^ii^nlf ^:3S^v— ^14. i^JlSFi: LTA 
K Ga. Ini. P^H^Sj-i: tTCiJl^;^7^ :/XI4P 
^ffiV\ ^ft?M5 0 0°C~6 0 QiXXfso^ttm-^ 30 
tv\ i±;'j{4, P(Digr4i: LTP^ffli/^Sitfil 0"^ 
'° To r r~l 0~" Tor r 1?^ 5 :i <t ^^^f ^ t < . 
P©JiJ|Sfi!tT:t;^7^y^lV^5ttl41 0~'To r 

[00 14] 

•t;^^;B:^•^tfc475?SB^B (Al,Gai-, ) = I m-. P^ 
»(Da©ffi40. 5 1-^fe5„ (AlGa)o.si 

1 no.« Y%^n\-m\mM<Dimmmm^^x.xio 4o 

(AlGa)o.si I n 0.49 PlSfaCtJiCjottSIIIi^Tn^ 

[0015] A.-fi'^Ui-h^h. m^\t'y^^<^~y^ • 'y^ 
-T^y-i K- 7^i^^^, ^2 8^ (1 
989)L2092M-L2094M(Jpn J. A 
ppl. Phys. , 28 (1989) L2092-L 

2 09 4) {::*$tu-Cv^?)J:5t-s ^»^Y-ii°y^\^ 50 
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5„ r;}xtt, ^Sffitl K-t°y^~{C ct 19 A 1 G a I n PS 

imK^^'^xxmm^^'^^mmmrt^ ^tK^ 

ht^X^i^tK Wmk'km.^'^XX.tiO'^t^h 

[0 0 16] im'^m\z.m\.\^mmx m*^^ 
Fm^ii^^xmn(Dmh^m^^pMKfi^mm k 

-\:'y-^^U£\>^xmir^mM\^<D^^mLx^mmv 

[0 0 17]Mx«. 7i- h^v5^-fey^t°-^?S5:i: 

Ga I nFM^^pMmmmmm2K9r^Lxmmt 

-:/OGa I nP/^;Vi5'Sttl-ef4lf-^}^;&;aS6 6 5 

nm m<Dnm xh^mmu ryv^-^mm^ 

^Pmm ()^)¥3nm©7yK-7"Ga I nP»i^#F 
lXt/)ii?4nm(D7y K-y (A 1 0.5 Gao.s ) .,51 
1 n.,« Pm^mm) 1:146 2 6 nm (EI©0^) 

®^i|ifitl?^K-l^>'i/Lfctt}Cf46 2 0nm 

fn) -efcofc. :Ltl^>©iaf4. (AIo.5 Gao.s ) 0.51 
I no.« Pli^PtM1^5m^iE?iM-t:-fc5^^i:» 

df^y:/3i^;Vd^-5 7 0nm, 5 5 1 nmSrffiV^-Cf 

[00 1 8] :L::t? (A I0.S Gao.5 ) 0.51 I no.4, P 

ry K-^©#-a-(ct3(t5A 1 E^o. 6 5 

(D (AI0.6S G a 0.35 ) 0.S1 I no.« PltD/^yK^l- 

m^^%Y~-f\.tLh%\Z.^ 3 0~6 3 5 nmWl^-if 
7yK-^(DirtJ;«9'b5~6nra 

^V«&:S§r^m-etfc„ ^fc. fti^#Fl}-(4^M 
ti^ K- ^y^ \.x\^fi\^t% \±'K%<D>^-k^^mm 

iPPfUl©^^ y 7}ci; !9$iJ#^5#e,^i5 - t \z.ti^<D 

x\ wM\mm±'^mmmmm^^tz.. 

[0 0 19] 

Mffi^:S&}-i'9. naGaAsS«l©±}::nSGa 
As/^S'7rl2 O?^0. 5//m. Si^lSni-^l 
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Xio'' cm^') . nS (Alo.7 Gao.3 ) 0.51 In 

o.« p mm 3 (i?^ 1 . 5 M m. mm&n. = i 

XIO" cm~') . ^)t?g'ttl4^:^t:°^^v/^yVfig;R 

)fj?3 niiKDTy K-7°Gao.si In 
0.49 P *^ 1 0 1 i p a^^ti Z n K-:/ (E 
?Lii^n.-6~9 X 1 0" cm~') tfc)iJ?4nmCi 
(AKs Ga..= ) 0.5. In 0.4, Pii^^Sl 91:65^ 
SOTtfetL, ^©MtJi'l^jf 1 5nm(D (A 1 ..s G 
80.5)0.51 I no.49 P7tP^C»fel;45f^ttfjtLfc^a 10 

[0 0 2 01 fttC. pS (Alo.7 Gao.3 ) 0.51 In 
0.49 Pmms (Jf^l. ]E?L«Sn. = 5 

~7X 1 0" cm^) . pMGao.5, I no.49 P/<y7 
7I6 (Jf^O. 0 5/zm. IE?LlSn» = 2 X 1 0" 

[0 0 2 1] nkKs t^V])yi^yy^~Kxy)s iOz 
mtt^6-^-r^y<yy7Metmm5i:^yi-y^^ 20 

[0 0 2 2] ^[Cl, S i Oz-rXi^'^^tfct*. nM 
GaAsmjiE^3^*«flKl7 (^$1. O/im. Si^ 
mn. = 2X10" cm~') =^;im*$*5o $b 

pSGaAsny^iJ' M8 (j?^l/zm. 
^nA = 5X 1 0" ~1 X 1 0" cm~\ ±35^1^21 

[00 2 3] A 1 LX 30 

^!;p<5';^7;^5 = ^i^. G a ©iilift tX h y 
;!fyr>A, I nOm*4iti:hy^f';V'-r^^i^!?A. P 

ti7 0ToTr xnotz.. M'f-mmMK p m^m^^xh 

5 Z n Sr'^P K-^t2> J^Sisf t LTtiv^^ ^/Vffil&^ffl 

[0024] ±fS#fi»i^3*F#3i}C*5{t5»i^^S^ 
(D/^y m^^;v=¥-|4i:^^Fl©^tiJ: ?) 0 . 4 2 

m^tE;454 0~5 0mA-^'i(l#U W-iflgSS*;^^ 6 3 40 
0-6 3 5 nm-ffcofd^ M^mMMK^mi K-t" 
y^'t/^V^^^^Tii. gM{ifc(t5iiiim»^tt6 0-7 
0mA-efe9. f^^Jg:fttt6 3 6~6 4 0nmT' 
fcofc©-e. *|gBJ}^J:«9^£liffi«»#i^^^Jg:R© 

[00 2 5] mmm 2 

Zn^K-7° (iE?Lji^n. = 6~9X 1 0" cm^) 50 
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LfcJKJp3 nm(DGao.5i I no.49 PS^^I^Fll Ol 
<bliJ?4nm(DTyK-y (A 1 0.5 Gao.5 ) a.51 I n 

0.49 v^.^mm'dmht^Wims-^hh.. ^(omWiZ. 

liJ?15nm(D (A 1 0.5 Gao.s ) o.5i I no.49 

[0 0 2 6] ^.(D^^^^i'^rmM^mhmp^mmm 
mmt^^ 0-7 omA-esif^u v-^mmkm&z 

0~6 3 5 nm-efco;rc„ ^i^tl^ tV^^LjfeV^* 

^ <t . v-^wmmm 5 ~ 1 0 n mmm:\\:x^ 
[0 0 2 7] mmm3 

J: 5 \^ixxfcm^\x ^mm i Piaic tr if 

^MatLfc„ t/^b^. #fi*^#F^«5t^)^i?3nm 
©Gao.5i I no.49 Pi:i^^Fll OltliJ?4nm0 
(A 1 0.5 G a 0.5 ) 0.51 In 0.49 P m^Wm 9Mti)^ 

^KKmihh. ^mmKmmi 5 nm© (a 1 0.5 
Ga,.5 ) 0.5. I no.49 vmz'^mtm^ntzm 

3i© t^T (DM P m^m^ Z n ^ K-y (jETLSS n 
* = 6~9 X 1 0" cm"') LfCo 
[0 0 2 8] ::©#fi*i^^^F«iilc:*5tt5*i^^^l 

(Dy<y Yn^^^^ji^^-am^^pm^hii 90.36 
eviiv\ 7^^M^©^'-f^^f4. mm^^^^xrm 

6 0-8 0 mATSjf^ 6 2 

5-6 3 Onmtfco/Co ^^t/^ K- tV^ t^leV^lg 
^ i «5 . U-i'mmm 1 0 - 1 5 n mMM^itX 

[0 0 2 9] u±.(DmmMKts\,^x. 
m\cx^m^^xmmi^^~^mmmLfz. 

iiJ|SftL-CAU Ga. Int. P<DmtLX 
<D^7.y^y^:m\ ^^m.^SSOt, 10~'Tor 

[0 0 3 0] tf::. u±(Dmm\i. m%fsmK k- 

■ft^^m!^tLXZn%^\,^tcii^flKjttXMg. 
[0 0 3 1] 

(D^m^v-yt^^ti^x. i^M^^x^mt^ 
[0 0 3 2] m^yfm^^M^mMi^m K-7°t5 



(9) 
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[0 0 3 3] *|8BJ(7)U-ifgm Mg5 0^. 3m 

[02] yi^V)\^%^'zy7.\i-m^}im=i-^-^mm-^ 
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